Background: Postoperative sepsis is a major type of sepsis. Sociodemographic characteristics, incidence trends, surgical procedures, comorbidities, and organ system dysfunctions related to the disease burden of postoperative sepsis episodes are unclear.
Introduction
Sepsis is the most severe manifestation of acute infection, causing a complex syndrome that may result in multiple organ failures and resulting in death in 30-50% cases [1, 2] . Sepsis, a major cause of morbidity and mortality worldwide, is one of the 10 leading causes of death in Taiwan and the United States [3] . The incidence of sepsis is increasing. In the United States, approximately 164,000 cases of sepsis occurred each year during the 1970s [4] . However, according to studies performed by the National Center for Health Statistics, the incidence of sepsis has risen from 221 cases per 100,000 persons in 2000 to 377 per 100,000 persons in 2008, which is an increase of 7%-8% per year [5, 6] . In Taiwan, a nationwide population-based study demonstrated that the incidence of severe sepsis rose from 135 cases per 100,000 persons in 1997 to 217 per 100,000 persons in 2006, which is an approximately 3.9% increase per year [7] . The medical cost for treating sepsis has increased along with necessity for medical equipment, medical supplies, and healthcare services associated with sepsis improvement [8] .
Postoperative sepsis is defined by the Agency for Healthcare Research and Quality according to the Ninth Revision and Clinical Modification codes of the International Classification of Diseases (ICD-9-CM) [9] . It includes patients 18 years or older who have undergone surgical procedures and have had postoperative hospital stays for no fewer than 4 days [9] . The major form of sepsis is postoperative sepsis, which accounts for approximately onethird of all sepsis cases [3] . Postoperative sepsis results in significant morbidity and mortality and is a leading cause of multiple organ dysfunction and death for hospital inpatients [10, 11] . However, the understanding of the incidence and temporal trends of postoperative sepsis in Taiwan has remained limited because only a few studies have been proposed to investigate these trends. The incidence and temporal trends of postoperative sepsis are critical information for developing strategies for treatment and reducing the cost of intervention.
The primary goal of this study was to discern the incidence and temporal trends of postoperative sepsis in Taiwan using a retrospective population-based survey. The secondary objective was to compare the incidence of postoperative sepsis after surgery with respect to various types of procedures. Moreover, we evaluated sociodemographic characteristics, comorbidities, and organ system dysfunctions associated with the development of postoperative sepsis. The present study identified the high-risk population from the database because doing so might assist with identifying process-level opportunities for reducing the incidence of postoperative sepsis.
Materials and methods

Data source
The data used in this study were collected from the Longitudinal Health Insurance Databases (LHID 2010) of the National Health Insurance Research Database (NHIRD) for the years 2002 to 2013. The NHIRD was released for research purposes by the Taiwan National Health Research Institutes and covers nearly all patient medical benefit claims for the Taiwanese population. The NHIRD, which is one of the largest and most detailed nationwide population-based datasets in the world, is widely used in epidemiological research.
Study population selection and definitions
This study population comprised data regarding 974,817 patients collected from the LHID 2010 ( Figure 1 ). Missing values for variables such as sex and residential area were excluded. Individuals who were not hospitalized, under 18 years of age, or had sepsis before surgery were also excluded. Using ICD-9-CM codes, we identified patients according to category of surgical procedure, and both hospitalized patients and surgical diagnosis-related groups (DRGs) were selected [9, [11] [12] [13] . The sepsis population was identified by secondary diagnoses using ICD-9-CM codes, namely 038, 038.0, 038. Twelve major groups of surgical procedures, according to the ICD-9-CM codes for principal procedures, were included in the data analysis, namely esophageal, pancreatic, small bowel, gastric, splenic, gallbladder, hepatic, vascular, colorectal, thoracic, cardiac, and hernia surgeries. Sociodemographic characteristics included sex, age (divided into the following age groups: 20-40, 40-65, and ≥ 65 years), income level, and urbanization level [12] . Comorbidities included carcinoma in situ (ICD-9-CM: 230-234), diabetes (ICD-9-CM: 272), chronic heart failure (ICD-9-CM: 428), unspecified hepatitis (ICD-9-CM: 070.9, 571.4, 571.8, 571.9), chronic obstructive pulmonary disease (COPD, ICD-9-CM: 490-505 506.4), chronic renal disease (ICD-9-CM: 585), and acute myocardial infarction (ICD-9-CM: 410). Organ system dysfunctions included acute renal disease (ICD-9-CM: 584, 580, 39.95) and dysfunction of the respiratory (ICD-9-CM: 518.81-518.85, 786.09, 799.1, 96.7), cardiovascular (ICD-9-CM: 785.5, 458, 796.3), hepatic (ICD-9-CM: 570, 572.2, 573.3), hematological (ICD-9-CM: 286.6, 286.9, 287.3-287.5), and metabolic (ICD-9-CM: 276.2) systems [11, 13] .
Statistical analysis
Incidence was estimated using the total number of LHID 2010 cases with a surgical DRG code involving patients aged 18 years or older. Age-adjusted rates were calculated using direct methods with respect to the surgical in-hospital population from 2002 to 2013. The chi-squared test was used to assess the nominal variables between patients with and without postoperative sepsis. Logistic regression was used to estimate the odds ratio (OR) and 95% confidence interval (CI) for patients with and without postoperative sepsis. Data analysis was performed using SAS 9.3 software (SAS Institute, Cary, NC), and a P value < 0.05 was considered statistically significant.
Results
The final enrollment included 15,221 patients with postoperative sepsis and 338,279 patients without postoperative sepsis during the study period ( Figure 1 ). The incidence of postoperative sepsis increased annually with a crude mean of 0.06% and 0.34% for patients aged 45-64 and ≥ 65 years, respectively ( Figure 2A ), and the incidence declined slightly with a crude mean of 0.01% for patients aged 18-44 years ( Figure 2A ). Figure 2B presents the average annual incidence of sepsis after various surgical procedures. Gastric, gallbladder, and colorectal surgeries were associated with a relatively high likelihood of postoperative sepsis, and esophageal surgery had the lowest risk of postoperative sepsis.
The distribution of sociodemographic characteristics, comorbidities, and organ system dysfunctions among the study population are presented in Table 1 . The differences between patients with postoperative sepsis and those without were significant with respect to sociodemographic characteristics, namely sex, age, income level, and urbanization level (P < 0.001). These differences in patients who had undergone various surgical procedures were also significant (P < 0.001), except for gallbladder surgery (P = 0.6620). In addition, the differences in patients with comorbidities were significant (P < 0.001), except for the comorbidity of carcinoma in situ (P = 0.1886). Table 2 presents the logistic regression analysis of patients with and without postoperative sepsis. Adjustments were made for sex, age, income level, urbanization level, surgical procedures, comorbidities, and organ system dysfunctions. Among the sociodemographic characteristics, the results indicated a high risk of postoperative sepsis among the following categories of patients: men (OR 1.375, 95% CI 1.375-1.423), aged 45-64 and ≥ 65 years (OR 2.639 and 5.862, 95% CI 2.496-2.790 and 5.545-6.196), low income (OR 1.390, 95% CI 1.134-1.441), aged township (OR 1.269, 95% CI 1.147-1.403), agricultural town (OR 1.266, 95% CI 1.172-1.368), and remote township (OR 1.205, 95% CI 1.110-1.308). The aged township category was associated with the highest risk with respect to urbanization level for postoperative sepsis among patients. Among patients who underwent other surgical procedures, those who underwent esophageal, pancreatic, small bowel, gastric, splenic, and vascular surgeries had the highest risk of postoperative sepsis. Among these procedures, splenic surgery (OR 7.723, 95% CI 4.614-12.927) had the highest risk. The specific comorbidities and organ system dysfunctions associated with the highest risk of postoperative sepsis were diabetes, chronic heart failure, COPD, chronic renal disease, respiratory dysfunction, cardiovascular dysfunction, acute renal disease, hepatic dysfunction, hematological dysfunction, neurological dysfunction, and metabolic dysfunction. Patients with chronic renal disease (OR 1.733, 95% CI 1.644-1.827) and cardiovascular dysfunction (OR 2.441, 95% CI 2.272-2.622) had the highest risks among comorbidities and organ system dysfunctions, respectively. These results indicated that patients who were men, older adults, lived in an aged township, had undergone splenic surgery, or had received a diagnosis of chronic renal disease or cardiovascular dysfunction had a relatively high risk of postoperative sepsis. Table 3 presents the sociodemographic characteristics and risk of postoperative sepsis in each of the predefined age groups, which were 18-44, 45-64, and ≥65 years old. In the 18-44 age group, the following characteristics of patients were associated with a relatively high risk of postoperative sepsis: male sex, low income, remote township, pancreatic surgery, diabetes, and cardiovascular dysfunction. In the 45-64 age group, the high-risk characteristics of patients associated with postoperative sepsis were male sex, low income, aged township, small bowel surgery, chronic renal disease, and cardiovascular dysfunction. In the ≥65 age group, the high-risk characteristics postoperative sepsis were male sex, low income, agricultural town, splenic surgery, chronic renal disease, and cardiovascular dysfunction. 
Discussion
Taiwan launched the National Health Insurance (NHI) program in March 1995 to provide single-payer health insurance to residents of Taiwan; now, the NHI covers more than 99% of the population and enables them to easily access affordable healthcare with only a small copayment required at most clinics and hospitals. To the best of our knowledge, a retrospective and longitudinal nationwide study of postoperative sepsis has not been undertaken in Taiwan. However, nationwide databases have been used widely in the United States to identify the changes over time concerning the incidence, epidemiological characteristics, and temporal trends in postoperative sepsis in the country [11, 15] . The incidence of postoperative sepsis in the United States increased from 4.41% in 1990 to 6.25% in 2006 according to the Nationwide Inpatient Sample dataset [14] . The same study also demonstrated that the incidence of postoperative sepsis was 3.4% among those aged 18-49 years but 6.9% among those aged ≥80 years [14] . No evidence has been compiled and analyzed to assess the incidence of postoperative sepsis in Taiwan. However, one study analyzed data gathered from the NHIRD and determined the incidence of sepsis had increased from 637.8 per 100,000 persons in 2002 to 772.1 per 100,000 persons in 2012 [16] ; the study also discovered that the incidence of sepsis in older adults (aged ≥65 years) was 10-fold higher than in younger adults (18-64 years) of the same sex [16] . In the present study, we determined that the incidence of postoperative sepsis increased from 1.90% in 2002 to 4.40% in 2013. Older adults (≥65 years) had a greater increase in incidence of postoperative sepsis than did middle-aged patients (45-64 years); however, the incidence of postoperative sepsis in younger (18-44 years) patients decreased slightly over the same period. This finding may imply that the senescence of older adult patients' organs results in their higher incidence of postoperative sepsis. The average annual incidence of sepsis with respect to a variety of surgical procedures is presented in Figure 2 . We discovered higher incidences of sepsis associated with gastric, gallbladder, and colorectal surgeries; however, no statistically significant difference was evident with respect to the incidence of sepsis after undergoing gallbladder surgery. These results indicated that the number of patients who underwent gallbladder surgery was the largest among all the surgical procedures and thus led to the highest average annual incidence of sepsis after surgery. These findings were similar to those regarding the average annual incidence of sepsis after colorectal surgeries. Moreover, we determined that patients had a higher likelihood of developing sepsis after undergoing general abdominal surgeries such as splenic, small bowel, pancreatic, gastric, and esophageal surgeries. The basic rule in abdominal surgeries is to have an incision that offers the appropriate passageway to the region in the abdominal organ or tissue which suffered damage through injury or disease [17] . Pathologists have hypothesised that patients have higher risk of sepsis via microbial infection after spleens are processed as surgical specimens, splenic implants, or spleen removal surgery [18] . Included postoperative sepsis and comparison: non postoperative sepsis.
Table 1 continued: Basic characteristics of the study participants
After performing the surgical removal of all or part of the pancreas, an increased the risk for the development of sepsis was found [19] . After radical gastrectomy for gastric cancer, post-operative infection is the most common complication via leukocyte depletion in transfusion patient [20] . Postoperative infection is the lethal and hospitalized factor in patients who underwent lower gastrointestinal surgery of the small intestine, colon, rectum, or anus in Unit State [21] . Studies had shown that patients who underwent surgical esophagectomy had a high risk of postoperative complications such as sepsis and high mortality [22] . These findings were similar to those discovered by researchers in the United States, indicating that the highest risks of postoperative sepsis with respect to general abdominal procedures were associated with esophageal, gastric, pancreatic, small bowel, and biliary surgeries [11] . And intra-abdominal infection is a common cause of open laparotomy in non-traumatic patients [23] . This study identified that pancreatic, small bowel, and splenic surgeries were associated with higher risks among patients aged 18-44, 45-64, and ≥65 years, respectively. In addition, there is much evidence claiming that postoperative sepsis was found in patients after an uncomplicated colonoscopic polypectomy, which is regarded as a safe procedure, due to unidentified abdominal infections [24, 25] . These results suggest that general abdominal procedures, including not only complex surgeries but also routine procedures, pose a significant risk for the development of postoperative sepsis. Our logistic regression analysis demonstrated that several sociodemographic characteristics of the patients influenced their risk of postoperative sepsis. Being male or older (≥65 years) considerably increased the risk of developing postoperative sepsis; the elevated risk associated with these factors has been consistently reported in other epidemiological studies of sepsis [16, 26, 27] and postoperative sepsis [14, 15] . Sex hormones play a major [28] [29] [30] . Older patients may have an increased risk of postoperative sepsis because of declining immune system performance and age-associated immunosenescence [31, 32] . Thus, our evidence lends support to the contention that male sex and older age may play key roles in the development of postoperative sepsis because of the regulation of the expression of sex hormones and defective immunological function, respectively. Several possible comorbidities and organ system dysfunctions were associated with an increased incidence of postoperative sepsis. The comorbidities of chronic renal disease, diabetes, and chronic heart failure were associated with the first, second, and third highest risks, respectively, of patients developing postoperative sepsis. In addition, chronic renal disease, diabetes, and chronic heart failure were associated with a higher likelihood of developing postoperative sepsis among all age groups. Similar to the findings of other studies, the aforementioned chronic comorbidities increased the likelihood of sepsis [33] [34] [35] . A possible reason for patients with these three chronic comorbidities to have a higher risk of developing postoperative sepsis could be because they are each related to an inflammatory response that results in fewer and worse functioning leukocytes. Such evidence suggests that these three chronic comorbidities might play major roles in the development of postoperative sepsis attributable to the generation of inflammation and immune system dysfunction.
Organ system dysfunction was analyzed for all patients and age groups, and cardiovascular and hematological system dysfunctions were associated with the highest likelihood of developing postoperative sepsis. Organ system dysfunction was also associated with increased risk of sepsis [13] . These findings supported the findings of other studies that cardiovascular and hema-tological systems play major roles in the development of postoperative sepsis.
Limitations of the study
The present study has several limitations. The LHID 2010 and NHIRD are derived from a large administrative database. Although many studies have validated the use of this administrative data [11, 13] , the data were originally intended for claims reimbursements and thus lack detailed biochemical data for each individual. Moreover, a statistical bias attributable to the coding schemes related to the limitations of various clinical entities cannot be entirely excluded; for example, they may have failed to accurately differentiate comorbidities from chronic diseases and organ system dysfunctions [11, 13, 15] . Some comorbidities or organ system dysfunctions may have been missed because only five diagnostic ICD-9-CM codes were assessed, which may have resulted in an underestimation of the incidence. An intrinsic bias may be attributable to the use of the ICD-9-CM discharge code, which may have been applied differently between and even within institutions.
Conclusions
The factors related to increased incidences of postoperative sepsis in our study were similar to those in studies undertaken in the United States. After general abdominal surgeries, namely splenic, small bowel, pancreatic, gastric, and esophageal surgeries, patients had a higher likelihood of developing sepsis. Patients who were male and older exhibited a considerably higher risk of developing postoperative sepsis than patients in other categories. * *, **, *** Statistically significant, respectively P <0.05, P <0.01, P <0.0001. Table 3 continued: Odds ratio and 95% confidence interval of surgery among patients with sepsis in each of the predefined age groups Chronic renal disease, diabetes, chronic heart failure, and organ system dysfunction, including cardiovascular and hematological system dysfunction, were associated with a higher risk of developing postoperative sepsis in both the differential age groups and all patients. The key finding of this study was the valuable predictors associated with an increased risk of developing postoperative sepsis; these predictors, namely being male or older, undergoing splenic surgery, and having chronic renal comorbidities or cardiovascular system dysfunction, present a potential target for future research to reduce the disease burden.
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